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Investigating Hypoglycaemic and Hypolipidaemic Effects of Combined Rind Extracts of Cucumis Sativus and Citrullus Lanatus on Alloxan-induced Diabetic Wistar Rats
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ABSTRACT 
	This study comparatively investigated the hypoglycaemic and hypolipidaemic effects of methanolic rind extracts of Cucumis sativus and Citrullus lanatus, administered individually and in combination, in alloxan-induced diabetic Wistar rats. Thirty male Wistar rats were used, and diabetes was induced with alloxan monohydrate (150 mg/kg). Diabetic rats were treated orally for 21 days with C. sativus (200 mg/kg), C. lanatus (200 mg/kg), their combination (100 mg/kg each), or metformin (500 mg/kg). Fasting blood glucose and serum lipid parameters were determined, while qualitative phytochemical screening was also performed. The extracts contained alkaloids, flavonoids, tannins, saponins, phenols and terpenoids. Treatment with both extracts progressively reduced fasting blood glucose, total cholesterol, LDL-cholesterol and triglycerides, while increasing HDL-cholesterol compared with the diabetic control. The combined extract produced greater improvements than the individual extracts, although metformin generally produced the greatest overall response. The findings indicate that C. sativus and C. lanatus rind extracts possess hypoglycaemic and hypolipidaemic activities and may have potential as complementary plant-based interventions for diabetes-associated metabolic disturbances. Further studies are recommended to identify and quantify the active phytochemicals, establish the mechanisms underlying the observed effects, and evaluate the long-term safety and efficacy of the combined extracts.
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1. INTRODUCTION 

Diabetes mellitus is a chronic metabolic disorder characterised by persistent hyperglycaemia resulting from impaired insulin secretion, insulin action, or both. Disturbances in lipid metabolism commonly accompany diabetes and may result in elevated serum cholesterol, triglycerides, and low-density lipoprotein cholesterol, thereby increasing the risk of cardiovascular complications (Dilworth et al., 2021; Jadon et al., 2024). 

Plant materials contain diverse bioactive compounds capable of influencing glucose and lipid metabolism through antioxidant, enzyme-modulating, and insulin-related mechanisms (Atta et al., 2020; Ansari et al., 2024; Singh et al., 2026). Increasing attention is therefore being given to fruit by-products, particularly rinds, which are often discarded despite their potential therapeutic value. The rinds of Cucumis sativus and Citrullus lanatus have attracted interest because of their reported biological activities and their potential application in the management of metabolic disorders (Owo & Beresford, 2020; Javid et al., 2024; Idemudia & Enogieru, 2024).

Studies on C. sativus rind have reported potential antihyperglycaemic and lipid-modulating activities (Abbas et al., 2025; Dimeji et al., 2021). Extracts of the rind have been shown to contain phenolic and flavonoid compounds that may contribute to reductions in blood glucose through antioxidant activity and modulation of carbohydrate-metabolising pathways (Tasleem et al., 2026). Experimental evidence also suggests that cucumber rind preparations may improve lipid abnormalities by reducing circulating cholesterol and triglycerides while favourably influencing lipoprotein metabolism (Dimeji et al., 2021; Ilyas et al., 2025). These findings indicate that the rind, rather than being merely a waste material, may possess bioactive constituents with potential value in diabetes management (Kaur et al., 2026; Khalid et al., 2026).

Citrullus lanatus rind has likewise been investigated for its potential metabolic benefits. Experimental studies have reported reductions in blood glucose following administration of watermelon rind extracts in diabetic animal models (Adewumi et al., 2023; Mehreen et al., 2024). The hypoglycaemic activity has been associated with the presence of phenolic compounds, flavonoids, and other antioxidant constituents that may help attenuate oxidative stress and improve glucose utilisation (Rezq, 2017; Ajiboye et al., 2020). Watermelon rind extracts have also demonstrated potential hypolipidaemic effects, including reductions in serum total cholesterol and triglycerides and improvement of lipid-related parameters (Abu-Hiamed, 2018). However, the available evidence remains less extensive than that for conventional antidiabetic plant preparations.

Diabetes-associated hyperglycaemia and dyslipidaemia remain important therapeutic challenges (Zhao et al., 2026). Although preliminary studies indicate that C. sativus and C. lanatus rinds may possess hypoglycaemic and hypolipidaemic properties, comparative evidence regarding their effectiveness is limited. In addition, the potential advantage of combining the two rind extracts has not been adequately established. This creates a need for controlled experimental studies comparing their individual and combined effects in diabetic models. It is on this basis that this study aims to comparatively evaluate the hypoglycaemic and hypolipidaemic effects of methanolic rind extracts of C. sativus and C. lanatus, administered individually and in combination, in alloxan-induced diabetic Wistar rats.


2. Materials and methods 

2.1 Sample Collection and Identification
Fresh Cucumis sativus and Citrullus lanatus fruits were purchased from Oil-Mill Market, Port Harcourt, Nigeria. The plants were authenticated by Professor Bio Louis Nyananyo, Department of Plant Science and Biotechnology, University of Port Harcourt. Voucher specimens were deposited in the departmental herbarium as UPH/V/1322 (C. sativus) and UPH/V/1323 (C. lanatus).
2.2 Preparation of Methanolic Extracts
The fruit rinds were separated, washed, air-dried for two weeks, and pulverised. Two hundred grams (200 g) of each powdered rind was macerated separately in 1.5 L of 80% methanol for 72 h with occasional stirring. The mixtures were filtered and concentrated at 40°C using a rotary evaporator. The resulting extracts weighed 2.0 g (C. sativus) and 1.8 g (C. lanatus) and were stored at 4°C.
2.3 Phytochemical Screening
Qualitative phytochemical screening was conducted using methods described by Harborne and Baxter (1983), Trease and Evans (1989), and Adekanmi et al. (2020). Alkaloids, flavonoids, tannins, saponins, phenols, and terpenoids were screened.
2.4 Experimental Animals
Thirty male Wistar rats weighing 150–200 g were used. The animals were acclimatised for one week under standard laboratory conditions with free access to feed and water. Ethical approval was obtained from the Research Ethics Committee, Faculty of Basic Medical Sciences, Rivers State University. Animal handling followed accepted guidelines for laboratory animal care and use.
2.5 Induction of Diabetes
Diabetes was induced by intraperitoneal administration of alloxan monohydrate (150 mg/kg body weight). After 72 h, fasting blood glucose was measured, and rats with glucose levels ≥200 mg/dL were considered diabetic and included in the study.
2.6 Acute Toxicity Study
Acute toxicity was evaluated using the method described by Lorke (1983). Twenty-four (24) rats were randomly assigned to six groups of four animals each. Groups I–V received the respective extracts at doses of 1000, 2000, 3000, 4000, and 5000 mg/kg body weight, respectively, while the control group received distilled water. The animals were observed for signs of toxicity and mortality over 14 days. The median lethal dose (LD₅₀) was estimated from the observed dose–mortality relationship.
2.7 Experimental Design
Diabetic rats were randomly assigned to six groups (n = 5):
Group 1: Normal control.
Group 2: Diabetic untreated control.
Group 3: Diabetic + C. sativus rind extract (200 mg/kg).
Group 4: Diabetic + C. lanatus rind extract (200 mg/kg).
Group 5: Diabetic + combined C. sativus and C. lanatus rind extracts (100 mg/kg each).
Group 6: Diabetic + metformin (500 mg/kg).
Treatments were administered orally once daily for 21 days using an orogastric tube.
2.8 Biochemical Analyses
2.8.1 Blood Collection
At the end of treatment, following an overnight fast, blood was collected under light anaesthesia by cardiac puncture. Blood for glucose measurement was obtained from the tail vein.
2.8.2 Blood Glucose Measurement
Fasting blood glucose was measured from tail-vein blood using a glucometer on days 0, 7, 14, and 21.
2.8.3 Determination of Serum Lipid Profile
Serum total cholesterol, triglycerides, HDL-cholesterol, and LDL-cholesterol were determined using Randox diagnostic kits (Randox Laboratories, UK) according to the manufacturer's instructions.
2.9 Statistical Analysis
Data were expressed as mean ± SEM. Differences among groups were analysed using one-way ANOVA, followed by Tukey's multiple comparison test. Statistical significance was set at p < 0.05. Analysis was performed using SPSS version 27.

3. Results 

3.1. Phytochemical Composition of Extracts

Table 1 shows the qualitative phytochemical constituents present in the methanolic extracts of C. sativus and C. lanatus. The extracts tested positive for alkaloids, flavonoids, tannins, saponins, phenols, and terpenoids.  

Table 1: Qualitative Phytochemical Constituents
			Phytochemical
	C. sativus
	C. lanatus

	Alkaloids
	+
	+

	Flavonoids
	+++
	++

	Tannins
	++
	++

	Saponins
	+++
	++

	Phenols
	++
	+++

	Terpenoids
	+
	+


(+ = low, ++ = moderate, +++ = high presence)

3.2 Effects of Extracts on Fasting Blood Glucose Levels

Table 2 and Figure 1 reveal the fasting blood glucose levels of the experimental groups during the 21-day treatment period. The normal control maintained stable glucose levels, while the diabetic control showed sustained hyperglycaemia throughout the study (p < 0.05). Treatment with C. sativus and C. lanatus rind extracts reduced fasting blood glucose levels, with greater reduction observed with the combined extract (5.44 ± 0.11 mmol/L) than the individual extracts (6.22 ± 0.07 and 6.61 ± 0.09 mmol/L, respectively) by day 21. Metformin produced the greatest reduction (5.00 ± 0.08 mmol/L).

Table 2: Fasting Blood Glucose Levels (mmol/L)
	Group
	Post-induction (Day 0)
	Day 7
	Day 14
	Day 21

	Normal Control
	4.72 ± 0.19ᵃ
	4.83 ± 0.19ᵃ
	4.67 ± 0.17ᵃ
	4.78 ± 0.17ᵃ

	Diabetic Control
	14.56 ± 0.12ᵇ
	15.00 ± 0.10ᵇ
	15.33 ± 0.07ᵇ
	15.67 ± 0.09ᵇ

	C. sativus (200 mg/kg)
	14.61 ± 0.08ᵇ
	11.00 ± 0.07ᶜ
	8.11 ± 0.06ᶜ
	6.22 ± 0.07ᶜ

	C. lanatus (200 mg/kg)
	14.72 ± 0.09ᵇ
	11.28 ± 0.12ᶜ
	8.56 ± 0.08ᶜ
	6.61 ± 0.09ᶜ

	Combined Extract (100 mg/kg each)
	14.50 ± 0.14ᵇ
	10.22 ± 0.11ᶜ
	7.33 ± 0.09ᵈ
	5.44 ± 0.11ᵈ

	Metformin (200 mg/kg)
	14.67 ± 0.21ᵇ
	9.72 ± 0.18ᶜ
	6.67 ± 0.14ᵈ
	5.00 ± 0.08ᵉ


Values are expressed as mean ± SEM (n = 6). Means within the same column with different superscript letters (a–e) are significantly different at p < 0.05, as determined by one-way ANOVA followed by Tukey’s HSD post hoc test.
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Figure 1: Fasting blood glucose levels
3.3 Effects of Extracts on Serum Lipid Profile
3.3.1 Effects of Extracts on Serum Total Cholesterol Levels 
Table 3 and Figure 2 present the effects of C. sativus, C. lanatus, and their combined extract on total cholesterol levels across the experimental groups over 21 days.  The results indicate that the normal control group maintained relatively stable total cholesterol levels throughout the study period, with only minor physiological fluctuations (2.85–2.93 mmol/L), confirming metabolic homeostasis.  In contrast, the diabetic control group showed a progressive increase from Day 0 (4.66 mmol/L) to Day 21 (4.82 mmol/L), reflecting worsening hypercholesterolaemia. This group remained significantly higher (p < 0.05) than the normal control across all time points.
Treatment with C. sativus and C. lanatus extracts resulted in a time-dependent reduction in total cholesterol. By Day 21, values decreased to 3.60 mmol/L and 3.68 mmol/L, respectively, both significantly lower than the diabetic control (p < 0.05). The combined extract demonstrated enhanced efficacy, reducing cholesterol to 3.32 mmol/L by Day 21, indicating a stronger hypocholesterolemic effect than the individual extracts. The metformin-treated group exhibited the greatest reduction, reaching 3.13 mmol/L at Day 21, which was significantly different from all other groups (p < 0.05), highlighting its superior therapeutic performance.

Table.3: Effects of Extracts on Total Cholesterol (mmol/L)
	Group
	Post-induction (Day 0)
	Day 7
	Day 14
	Day 21

	Normal Control
	2.85 ± 0.08ᵃ
	2.87 ± 0.08ᵃ
	2.93 ± 0.08ᵃ
	2.90 ± 0.08ᵃ

	Diabetic Control
	4.66 ± 0.11ᵇ
	4.74 ± 0.11ᵇ
	4.79 ± 0.11ᵇ
	4.82 ± 0.11ᵇ

	C. sativus
	4.64 ± 0.10ᵇ
	4.14 ± 0.10ᶜ
	3.76 ± 0.09ᶜ
	3.60 ± 0.09ᶜ

	C. lanatus
	4.66 ± 0.10ᵇ
	4.22 ± 0.09ᶜ
	3.81 ± 0.09ᶜ
	3.68 ± 0.09ᶜ

	Combined Extract
	4.69 ± 0.10ᵇ
	4.01 ± 0.09ᶜ
	3.50 ± 0.08ᵈ
	3.32 ± 0.08ᵈ

	Metformin
	4.66 ± 0.09ᵇ
	3.89 ± 0.08ᶜ
	3.37 ± 0.07ᵈ
	3.13 ± 0.06ᵉ


Values are expressed as mean ± SEM (n = 6). Means within the same column with different superscript letters (a–e) are significantly different at p < 0.05, as determined by one-way analysis of variance (ANOVA) followed by Tukey’s Honestly Significant Difference (HSD) post hoc test.
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Figure 2. Mean total cholesterol
3.3.2 Effects of Extracts on Serum High-Density Lipoprotein (HDL)

Table 4 and Figure 3 indicate the changes in high-density lipoprotein (HDL) levels in normal, diabetic, and treated groups during the study duration. The normal control group maintained stable HDL levels (1.45–1.53 mmol/L), indicative of normal lipid metabolism. The diabetic control group showed a decline in HDL from 0.98 mmol/L at Day 0 to 0.91 mmol/L at Day 21, confirming impaired lipid regulation. These values were significantly lower than the normal control (p < 0.05).
Administration of rind extracts of C. sativus and C. lanatus resulted in progressive increases in HDL levels, reaching 1.24 mmol/L and 1.22 mmol/L, respectively, by Day 21. These increases were significant compared to the diabetic control (p < 0.05). The combined extract produced a more pronounced elevation (1.35 mmol/L), suggesting a synergistic enhancement of HDL restoration.   The metformin group recorded the highest HDL level (1.40 mmol/L) at Day 21, significantly higher than all other groups (p < 0.05), reinforcing its efficacy in improving lipid profiles.

Table 4: High-Density Lipoprotein (HDL) (mmol/L)
	Group
	Post-induction (Day 0)
	Day 7
	Day 14
	Day 21

	Normal Control
	1.48 ± 0.05ᵃ
	1.50 ± 0.05ᵃ
	1.45 ± 0.05ᵃ
	1.53 ± 0.05ᵃ

	Diabetic Control
	0.98 ± 0.06ᵇ
	0.93 ± 0.06ᵇ
	0.91 ± 0.06ᵇ
	0.91 ± 0.06ᵇ

	C. sativus
	0.96 ± 0.06ᵇ
	1.09 ± 0.05ᶜ
	1.19 ± 0.05ᶜ
	1.24 ± 0.05ᶜ

	C. lanatus
	0.96 ± 0.06ᵇ
	1.06 ± 0.06ᶜ
	1.17 ± 0.05ᶜ
	1.22 ± 0.05ᶜ

	Combined Extract
	0.93 ± 0.06ᵇ
	1.14 ± 0.05ᶜ
	1.30 ± 0.05ᵈ
	1.35 ± 0.05ᵈ

	Metformin
	0.96 ± 0.05ᵇ
	1.19 ± 0.05ᶜ
	1.35 ± 0.05ᵈ
	1.40 ± 0.04ᵉ


Values are expressed as mean ± SEM (n = 6). Means within the same column with different superscript letters (a–e) are significantly different at p < 0.05, as determined by one-way analysis of variance (ANOVA) followed by Tukey’s Honestly Significant Difference (HSD) post hoc test.
[image: ]
Figure 3. Mean HDL cholesterol
3.3.3 Effect of Extracts on Serum Low-Density Lipoprotein (LDL) Levels

Table 5 and Figure 4 highlight the variations in low-density lipoprotein (LDL) concentrations among the control and treatment groups from Day 0 to Day 21.  The normal control group exhibited stable LDL levels (0.75–0.83 mmol/L), reflecting normal physiological balance, while the diabetic control group showed a gradual increase from 2.33 mmol/L to 2.43 mmol/L, indicating progressive deterioration in lipid metabolism. This group was significantly higher than all other groups (p < 0.05). Treatment with C. sativus and C. lanatus significantly reduced LDL levels over time, reaching 1.45 mmol/L and 1.50 mmol/L, respectively, by Day 21. The combined extract further improved LDL reduction to 1.22 mmol/L, demonstrating greater efficacy than individual treatments. The metformin group showed the most substantial reduction, achieving 1.09 mmol/L at Day 21, which was significantly lower than all other treatment groups (p < 0.05).

Table 5: Low-Density Lipoprotein (LDL) (mmol/L)
	Group
	Post-induction (Day 0)
	Day 7
	Day 14
	Day 21

	Normal Control
	0.80 ± 0.04ᵃ
	0.78 ± 0.04ᵃ
	0.83 ± 0.04ᵃ
	0.75 ± 0.04ᵃ

	Diabetic Control
	2.33 ± 0.08ᵇ
	2.38 ± 0.08ᵇ
	2.41 ± 0.08ᵇ
	2.43 ± 0.08ᵇ

	C. sativus
	2.31 ± 0.07ᵇ
	1.86 ± 0.07ᶜ
	1.55 ± 0.06ᶜ
	1.45 ± 0.06ᶜ

	C. lanatus
	2.33 ± 0.08ᵇ
	1.92 ± 0.07ᶜ
	1.61 ± 0.07ᶜ
	1.50 ± 0.06ᶜ

	Combined Extract
	2.36 ± 0.07ᵇ
	1.76 ± 0.06ᶜ
	1.30 ± 0.06ᵈ
	1.22 ± 0.05ᵈ

	Metformin
	2.33 ± 0.07ᵇ
	1.68 ± 0.06ᶜ
	1.17 ± 0.05ᵈ
	1.09 ± 0.05ᵉ


Values are expressed as mean ± SEM (n = 6). Means within the same column with different superscript letters (a–e) are significantly different at p < 0.05, as determined by one-way analysis of variance (ANOVA) followed by Tukey’s Honestly Significant Difference (HSD) post hoc test.
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Figure 4. Mean LDL cholesterol

3.3.4 Effect of Extracts on Serum Triglyceride Levels

The effects of the extracts and metformin on triglyceride levels across all groups over the experimental period are presented in Table.6 and Figure 5. The normal control group maintained stable triglyceride levels (0.84–0.87 mmol/L), indicating metabolic stability. The diabetic control group exhibited a steady increase from 1.53 mmol/L to 1.59 mmol/L, reflecting worsening hypertriglyceridemia. These values were significantly higher than the normal control (p < 0.05).
Treatment with C. sativus and C. lanatus extracts resulted in significant reductions in triglyceride levels, reaching 1.14 mmol/L and 1.18 mmol/L, respectively, at Day 21. The combined extract showed improved efficacy, reducing triglycerides further to 1.04 mmol/L. The metformin-treated group demonstrated the greatest reduction (0.99 mmol/L), significantly lower than all other groups (p < 0.05), confirming its superior lipid-lowering effect.

Table 6: Triglycerides (mmol/L)
	Group
	Post-induction (Day 0)
	Day 7
	Day 14
	Day 21

	Normal Control
	0.85 ± 0.02ᵃ
	0.86 ± 0.02ᵃ
	0.84 ± 0.02ᵃ
	0.87 ± 0.02ᵃ

	Diabetic Control
	1.53 ± 0.04ᵇ
	1.56 ± 0.04ᵇ
	1.58 ± 0.04ᵇ
	1.59 ± 0.04ᵇ

	C. sativus
	1.51 ± 0.04ᵇ
	1.33 ± 0.04ᶜ
	1.19 ± 0.03ᶜ
	1.14 ± 0.03ᶜ

	C. lanatus
	1.53 ± 0.04ᵇ
	1.36 ± 0.04ᶜ
	1.22 ± 0.04ᶜ
	1.18 ± 0.03ᶜ

	Combined Extract
	1.54 ± 0.04ᵇ
	1.27 ± 0.03ᶜ
	1.08 ± 0.03ᵈ
	1.04 ± 0.03ᵈ

	Metformin
	1.53 ± 0.04ᵇ
	1.24 ± 0.03ᶜ
	1.04 ± 0.03ᵈ
	0.99 ± 0.03ᵉ


Values are expressed as mean ± SEM (n = 6). Means within the same column with different superscript letters (a–e) are significantly different at p < 0.05, as determined by one-way analysis of variance (ANOVA) followed by Tukey’s Honestly Significant Difference (HSD) post hoc test.
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Figure 5. Mean Triglyceride
3.4. Acute toxicity results of the rind extract of C. sativus in rats
Table .7 presents the acute toxicity results of the rind extract of C. sativus in rats. No mortality was recorded in the control group or in any of the treatment groups administered doses ranging from 1000 to 5000 mg/kg body weight. The absence of mortality at all tested doses indicates that the extract exhibited no acute lethal effect within the tested dose range. Therefore, the median lethal dose (LD₅₀) of the rind extract of C. sativus was estimated to be greater than 5000 mg/kg body weight using the method described by Lorke (1983).
Table 7. Acute toxicity results of the rind extract of C. sativus in rats
	Group
	Dose (mg/kg body weight)
	Number of rats
	Number of deaths
	Mortality (%)

	Control
	0 (Distilled water)
	4
	0
	0

	I
	1000
	4
	0
	0

	II
	2000
	4
	0
	0

	III
	3000
	4
	0
	0

	IV
	4000
	4
	0
	0

	V
	5000
	4
	0
	0


[bookmark: _Hlk237933313] LD₅₀ = >5000 mg/kg body weight.
3.4. Acute toxicity results of the rind extract of C. lanatus in rats
Table 8 presents the acute toxicity results of the rind extract of C. sativus in rats. No mortality was recorded in the control group or in any of the treatment groups administered doses ranging from 1000 to 5000 mg/kg body weight. The absence of mortality at all tested doses indicates that the extract exhibited no acute lethal effect within the tested dose range. Therefore, the median lethal dose (LD₅₀) of the rind extract of C. sativus was estimated to be greater than 5000 mg/kg body weight using the method described by Lorke (1983).
Table 8. Acute toxicity results of the rind extract of C. lanatus in rats
	Group
	Dose (mg/kg body weight)
	Number of rats
	Number of deaths
	Mortality (%)

	Control
	0 (Distilled water)
	4
	0
	0

	I
	1000
	4
	0
	0

	II
	2000
	4
	0
	0

	III
	3000
	4
	0
	0

	IV
	4000
	4
	0
	0

	V
	5000
	4
	0
	0


 LD₅₀ = >5000 mg/kg body weight.

4. DISCUSSION

4.1. Phytochemical Composition of the Extracts
The methanolic rind extracts of C. sativus and C. lanatus contained flavonoids, saponins, phenols, alkaloids and terpenoids. The presence of these bioactive constituents may contribute to the antioxidant, hypoglycaemic and hypolipidaemic activities observed in the present study. Similar biological effects have been reported for C. lanatus rind extracts, which have demonstrated antihyperglycaemic and lipid-modulating activities in experimental diabetic models (Owo & Beresord, 2020), while the reported bioactive constituents of C. sativus have also been associated with glucose- and lipid-lowering effects (Uthpala et al., 2020; Obembe et al., 2023). These findings support the potential contribution of the identified phytochemicals to the metabolic effects of both rind extracts.
4.2. Effects of the Extracts on Fasting Blood Glucose Levels
The reduction in fasting blood glucose following treatment with the rind extracts indicates improved carbohydrate homeostasis. Alloxan-induced β-cell damage reduces insulin secretion, thereby limiting peripheral glucose uptake and glycolytic utilisation while promoting hepatic glycogenolysis and gluconeogenesis. This increases blood glucose and shifts energy metabolism towards greater reliance on fatty acid oxidation (Jaiyesimi et al., 2020; Palmer & Clegg, 2022; Liu et al., 2025). The glucose-lowering effects of C. lanatus and C. sativus may therefore reflect improved insulin action, enhanced peripheral glucose utilisation, increased glycogen synthesis and reduced hepatic glucose output (Uthpala et al., 2020; Ezekwe et al., 2020; Enyindah & Owo, 2026). The greater response to the combined extract suggests complementary actions of their bioactive constituents on carbohydrate utilisation and energy metabolism (Uro-Chukwu et al., 2024; Atta et al., 2020).

4.3. Effects of the Extracts on Serum Lipid Profile

The dyslipidaemia observed in the diabetic control group reflects disruption of normal energy metabolism associated with insulin deficiency. Reduced insulin action promotes adipose lipolysis and increases the release of fatty acids for hepatic uptake, where they are utilised for triglyceride synthesis and VLDL production. Treatment with the extracts improved the lipid profile, suggesting better regulation of fatty acid utilisation and storage and restoration of metabolic balance (Zhang et al., 2022). The effects of C. lanatus may be related to its flavonoids, lycopene and other bioactive compounds, while C. sativus may act through flavonoids, phytosterols and phenolic constituents that influence lipid synthesis, oxidation and cholesterol metabolism (Rejali et al., 2022; Obembe et al., 2023). The superior response to the combined extract may reflect complementary effects on carbohydrate utilisation, fatty acid metabolism and overall energy homeostasis. Metformin produced the greatest improvement, consistent with its effects on insulin sensitivity and hepatic energy metabolism through AMPK-related pathways (Szymczak-Pajor et al., 2022).

4.4. Acute Toxicity of Extracts

The acute toxicity results showed that no mortality occurred in rats administered C. sativus and C. lanatus rind extracts at doses ranging from 1,000 to 5,000 mg/kg body weight, suggesting low observed acute lethality under the experimental conditions. This finding is consistent with Ebhohon et al. (2022), who reported an oral median lethal dose (LD₅₀) greater than 5,000 mg/kg for methanol extract of C. lanatus rind, and a 2018 safety assessment of a standardised cucumber extract that reported no mortality at 2,000 mg/kg in rats. These findings are also consistent with the acute oral toxicity testing guidelines of the Organisation for Economic Co-operation and Development (OECD, 2002), which describe procedures for evaluating acute toxicity using limit-dose approaches. However, the absence of mortality does not establish complete safety, as biochemical alterations, haematological abnormalities or tissue damage may occur without death; therefore, further toxicological assessments are necessary to evaluate the effects of repeated exposure.

5. Conclusion

The study demonstrated that methanolic rind extracts of Cucumis sativus and Citrullus lanatus possess hypoglycaemic and hypolipidaemic activities in alloxan-induced diabetic Wistar rats. Both extracts improved fasting blood glucose and serum lipid abnormalities, while the combined extract produced greater improvements than the individual extracts. However, metformin generally produced the greatest overall response. The findings suggest that the rind extracts may influence carbohydrate, lipid and energy metabolism and could have potential as complementary agents in the management of diabetes-associated metabolic disturbances. Further studies are recommended to identify and quantify the active phytochemicals, establish the mechanisms underlying the observed effects, and evaluate the long-term safety and efficacy of the combined extracts.
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